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Report No. 2092

FOREWORD

This report 1s based upon work performed on U.S. Army Ordnance Contract
DA-0k4-195-0RD-3069. It covers the work period 1 July 1960 through 20 June 1961,
which represents the first half of the contractual effort. The investigation was
made at the Structural Materials Division Development Laboratories of Aerojet-
General Corporation, Azusa, California.

This contract was administered under the directlion of the U.S. Army
Ordnance Corps., Frankford, Arsenal, with Mr. H. Rosenthal acting as Project
Engineer.

The suthors are gratefully indebted to Dr. E. H. Phelps and Mr. A. W.
Loginow of the United States Steel Corporation for their invaluable technical
asgistance in- the design of the test fixtures and the methods used in this
invegtigation.
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ABSTRACT

Six high~-strength alloys were evaluated for stress-corrosion susceptibility
In environments representative of those envircnments to which the alloys are
normally exposed during the manufacture, hydrostatic testing, and storage of
solid-rocket-motor cases. The alloys were heat-treated or cold-rolled to Yield
strengths ranging from 194,000 to 278,000 psi. The environmental stress-corrosion
studies were conducted with bent-beam and U-bend specimens, with the bent-beam
specimens stressed to 75% of the yleld strength. Significant failures were
observed with the Ladish DAAC, Type 300M, end Vascojet 1000 alloy steels in the
environments of distilled water, tap water, salt water, and high humidity. The
Vascojet 1000 alloy was the most susceptible to stress-corrosion failure. No

fallures were observed with any of the other environmments or allcys tested.
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I. INTRCDUCTION

This history of rocket development and the present-day urgency associated
with reliabllity and performance of rocket systems attest to the fact that high
standerds in all critical areas must be raised even higher for further advancement.,
The efficiency requirsd of ultra-high-thrust rocket motors designed to propel large
payloads into space dictates that extreme measures must be taken in weight savings

by reduction of non-payload weight.

In order to achieve some significant weight reduction of the mass of
materials (non-payload weight) required to construct solid rocket cases, high-
gstrength allcys have been developed. At the present time, the alloys in the high-
strength category that have been most highly developed are ¢f ferrous base. Low-
alloy martensitic steel, silicon-modified 4300 series, hot-worked die, cold-
worked precipitation-hardened (PH) stainless stecl comprise the classes of steels
that fall within the high-strength category. In the lightweight, high-strength
category are the titanium allsys.

Although these alloys have excellent mechanicali properties ciad are cepable
of meeting designs with high stress requirements, thelr performance reliabllity
is not alwuys satisfactor;.

Frequently, during hydrostatic and other pressurization tecsting, premature
failures are experienced. These failures occur with presumably metallurgically
sound pressure vessels. Analyses of these fallures indicate that stress corrosion
invariably is the causitive mechanism. :

Thls program is designed to study the susceptibility to stress corrosion
of high-strength alloys contemplated for use as rocket-motor case materials. The
candidate materials were exposed to environmments that are representative of
those that would exlst during some phase of the manufacturing, testing, and long-

 term storage of solid rocket chambers.
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T Intrcduction (cont.) _ Report No. 2092

The effect of materlal parameters such as composition, strength level,
welding, microstructures, and surface conditions on stress corrosion were explored

in this investigation.

II.  DISCUSSION

Broadly, the term stress corrosion includes any comblned effect of stress
and corrosion on the behavior of materials. The principal factors involved in
stress-corrosion cracking are stress, environment, time, and the internal structure
of the material. The importance of these factors varies,_and they may interact,
cne exhilerating the action of the other. If stress-corrosion cracking occuis,
there must be tensile stresses at the surface. These stresses may be residual
(internal) or applied. GCenerally, internal stresses are produced vy non-uniform
deformation of the metal during cold working, by unequal cooling from high
temperatures, and by internal structural rearrangements involving volume changes.
These concealed stresses generally are of greater importance than applied stresses,

especially in view of the factor of safety used in design of pressure vessels.

The magnitude of stresses varies from point to point within e stressed
component, but in order to promote stress-corrosion cracking, tensile stresses in
the neighborhood of the yield strength of the material are usually required. There
are, hcwever, reported failures that occur at applied stresses well below the

yield strength of the metals.

Stress-corrosion cracking has been observed in almost all metal systems;
vet, for each metal or alloy, stress-corrosion cracking is associated with specific
environments. The envirommnents that induce cracking usually attack the metal 1n

o superfiecial manner whern stresses are absent.

The time to stress-corrosion failure of metallic components may vary from
minutes to years, but accelerated laboratory tests may be employed to study the

relative susceptibility to the stress~corrosion cracking of numerous alloys.

£1T.  FXPRRIMENTAL PRCCEDURE AND RESULTS
a. ALLOYS AND ENVIRONMENTS TESTED
In accordance with the contractural agreement, six vecuum-melted

wlloys, representative of the following classes of rocket-motor-casc materinls,

Page 2
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III Experimental Procedure and Results, A (cont.) Report No. 2092

were procured end tested: low-alloy martenmsitic steel, silicon-modified 4300
series steel, uot-worked die steel, ccld-worked PH steel, precipitation-hardening

stainless steel, and a high-strength titanium alloy.

Twelve different environments were chosen &s being typical of the natural
environments to wvhich the rocket-motor cases are exposed during fabdbrication,
hydrostatic testing, and storage.

1. Specific Allcys and Producers

The specific alloys tested and the respective producers are as
follows:

a. Ladish DSAC (low-alloy martensitic steel), Allegheney
Ludlum Steel Corporation ‘ .

B.A Iype'EOOM {silicon-modified 4300 series steel), Allegheney
Ludtun Steel Corporation

C. Vascojet 1000 (hot-worked die steel), Vanadium Pacific
Steel Company

d. AM355 (cold-worked PH steel), Wellingford Steel Company

e. PH 15-7 Mo (precipitation-hardening stainless steel),
Yallingford Steel Ccmpany

f. B120VCA titanium (high-strength beta titanium alloyl
Crucible Steel Company

Table 1 gives o comprehensive analytical summery of all six

2. Selection of Invironments

The following environments were used to study the ctress-
corrosion-cracking susceptibility of the alloye tested.

n.  Atmosphere (2ir) was used as o standavrd envirorment
zgainst which all of the other envirowmental tests could dbe compared.

b. Distilled woter was also used as a standard environment

rgainst whicih all of the other envirommental tests could be ccmpared.
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IIT Experimental Procedure and Results, A (cont.) : Report No. 2092

Ce Tap water represents the medium frequently used to clean
solid-propellant-rocket-motor cases. This fluid is also used in the hydrostatic
testing of pressure vessels, particularly those chambers constructed of corrosicn-

resistant alloys.
d.  Inhibited water (0.25% by weight sodium dichremate solu-

tion) represents the medium frequently used to fluch solid-propellant-rocket-

motor cases and in the hydrostatic testinge.of pressure vessels, particularly those
constructed of low-alloy steels.

€. Hent:-treating salt solution (1% by weight marguench salt
solution), a mixture of nitrites and nitrates, is used as .constant-elevated-
temperaturc cvenching media in the heat treatment of certain rocket-motor case
materials.

. Salt water (3% by weight sodium chloride solution} was
used to simulate a moderately severe marine environment.

g. - A chlorinated degreasing solvent (trichloroethylene) was
chosen as a representative enviromment to test the effect of chlorinated degreas-
ing solvents on reckat-motor-case materiuls.

h. A rust-inhibiting oil, E. F. Houghton's Ccsmoline 377,
conforming to MIL-C-142014, Grade 2, was used as the rust preventiva ctmpound for

rocket-mctor cases during the manufacture, transit, and limited storage prior to

- propellant installation.

i. An squeocus soluble-oil solution (4% by volume Chevron
soluole 0il) represents cne of the fluids used in the hydrostatic testing of

bressure vessels, particularly thouse constructed of corrosion-resistant allcys.
Ja The hydrccarbon-base oil represents a hydrostatic test
fiuld to replace agucous solutions.

W High numidity was used in accelerated testiag to simulate

_ceverc atmospnerice conditicns.

1. Sclid propellants often undergce 2 certzin smount of de-

camposition during long-term storege of sclid-propellani-rocket mecters. The purpsese
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III Experimental Procedure and Results, A (cont.) 4 Report No. 2062

of investigating this envirommert is to determine the role that the decomposition
products of the solid prcpellants play in the stress-corrosion behavior of the
rocket-moteor-case materials.

Table 2 lists 21l of the chemicals used in the maxeup of these

enviromments and the source of each. Toble 3 gives a {ypical analysis of tap and

distilled water samples taken from the same sources as the water used in the en-
viromrental testing. |
3. ‘IEST FROCEDURES
© Both béht-beam specimens (stressed to a prodstermined level) and
U-bend specimens were used in this investigation to determine the relative suscep-

tibility to environmental stress-corrosion of the various high-strength alloys
tested.

1. Specimen Preparation

Test specimens were preparad by blanking 1 x 8 in. coupcns
from sheet material of each alloy. The specimens were heat-treated to the desired
gtrength levels and finish-ground to appropriate specimen thicknesses and lengths.
The length of each specimen was determined from the yield strengths of the alloys
and the specimen thickness in a manner described later in a section under “Stress
Determinations.”

The mechaniczl properties of ezch 2llcy were obtained by puiling
tensile specimens (see Figure 1) on o Baldvin-Tate-Emery Universal testing
w2chine. By employing a Peters Extenscmeter and a Baldwin stress-strein reccrder,
stress-strain curves were obtained from which the 0.2% offset yield strength was
cemputed. In order that all of the allcoys be put on an equal basis for comparison
«f the stress-corrosion test results, (.2% offset yleld strengths of 20C,CCO to
&, 000 pei were éimed for in the ferrcus-base alloys. The titariim was aged tc
glve strength levels equivalent to those obtained in the steels on a strength-to-
velght ratio basis. ;

After heat treating, the low-alloy steel specimens were prepared
to 0.C50 +G.005 in. thickness and & %2-rms finish by surface grinding. The edges

&

were gouimid Lo glve a specimen width of 1.00 in. The specimens were then cut into

‘e
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lengths to give o maximum surface tensile stress of 75% of the yleld strength

over & T-in. span for the bent-beam tests. The stainless stesl alloy specimens
were prepared by shearing to a width of approximately 3/32 of an in. greater than

1 in., and then carefully grinding to 1.C0 in. in width.” Since the material was
thin (0.030 to 0.0k0 in.), the shorter L-in.-span test fixture was used. The
specimers were cut into lengths to give a maximum surface tensile stress of 75% of
the yield strength over a UY-in. span for the bent-beam test. As with the stainless
steel alloysz, the titanium alloy specimens were prepéfed"ﬁy shearing to l-in.
widths and then grinding to lengths to give a maximum surface tensile stress of

75% of the yield strength over a k-in. span for the bent-beam test.

The appropriate length of the specimens was determined by a
relationship; shown graphically in Figure 2, between the strain in the outer
fibers at the middle of the specimer, the specimen length, the specimen thickness,
and the holder span. This relationship is based on the exact solution for an
elastic beam. By assuming a constant modulus of elasticity and span length, Figure
2 was modified to produce the curves shown in Figures 3, 4, and 5. Figure 3 is
the graph of tensile stresses in bent beams at varying lengths for various beazm
thicknecses, assuming the span to be 7.000 in. and the modulus of elasticity (for
steel) to be 20 x lO6 psi. Figure 4 illustrztes the same relationship for steel

beams over a Y-in. span, end Figure 5 for titanium beams over a b-in. span.

in addition to the bent-beam specimens, U-bend specimens were
alsc employed. These specimens were prepared by bending the specimen over ia2T-
ond 24T-dia mendrels until the two sides were separated by a distance equal to
the diameter of the mandrel; then, the specimen was held in & stressed condition

by « bolt throuzh heles 4rilled in each end (see Figurzs £).

The hent-treat schedules and the mechanical properties of ali
of the 2lloys tested are summarized in Tables 4 through 9 and depicted graphically
in Figures 7 through 13. Figure 1lb illustrates scme of the typical nicrostructures
of the various alléys tested. The microstructures indicate that each alloy re-
sponded normally to the treatment it wos given to produce the desired sirength

Jevels.
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2. Testing Methods

In this investigation, it has been endeavored to reproduce as
nearly as possible the envirommental conditiomns that exist in the manufacturing,
hydrostatic testing, and long-term storage of rocket-motor cases, and to study
the susceptibiliﬁy.gf_seve;al high-strength alloys-to stress-corrosion cracking
in the variéus enviromments. The envirommental stress-~corrosion studies were
conducted with bent-beam and U-bend specimeas, with thc bent-beam specimens

ctressed to 75% of the yield strength.

A schematic diagram of the 304 stcinless steel specimen holder

used in the bent-beam tests is presented in Figure 15. The specimen holder and

o specimen prior to stressing is shown in Figure 16. Figures 17 and 18 illustrate

specimeng stressed in the specimen holders.

The environmental stress-corrosion laboratory is shown in

Figure 1G9, and TFigure 20 is a detailed illustration of an environmental chamber.

3 Stress Determinations

The stress setup within an elastic body is prcoportional to the
strain to which the body is subjected by the applied load according to Hooke's

Law, which may be rewritten as
stress = k x strain-

vhere k is a constant for the material of the elastic bedy. This constant s
known as the medulus of elasticity of the material, and for most steel ailoys is

generally taken as 30 x 10 psi.

) Flat-beam specimens are used in the particular methcd and
techriques employed in studying the stress-corrosion behavior of the alloys being

investigated in thicz program. The amount of tensile stress induced in the

s

recimen is directly proportiocnmal to the distance that the beam is deflected.
This deflection, in turn, depends upon the length of the bent beam across a known
dichance. The stress can therefore be determined if becth the length of the beam

wnd the distance across which the beam is deflected are known.

Fage 7




III Experimentzl Procedure and Results, B (cont.) Report No. 2002

, ' The stresses were determined from tables of tensile stresses
in bent beams as prepared by Dr. E. H. Phelps of the United States Steel
Corporation.

In.order to obtain 2 more accuraté“reading of the actual
stresses obtained in the bent-beam specimens, Tatnall C6-1kl foil-type strain
gages, mounted longitudinally in the center of the top surface of selected

specimens (see Figure 21), were used to make a spot check. The strain-gage
readings were taken both before and after the specimqno were stressed. The actual

~
on

irain of the deflected beam was obtained in microinches, and the maximum induced
tensile stress was computed by employing Hooke's Law. However, the values
cbtained by the strain~gage method werc considerably higher than those calculated
from the U.S. Steel tables (see Table 10). )

A probable reason for the discrepancy observed between the
théoretical and mezsured values lies in the fact that scme plastic deformaticn
of the specimens had occurred. Inspection of the stress-strain curves recorded
during the -mechanical tésting of Vascojet 1000 tensile speciuens reveal that the
proportional limit of this alloy is about 50 to 60% of the 0.2% offset yield
strength. Since the flat beams were bent to get a maximum tensile stress of 75%
of the 0.2% offset yield strength, the proportional limit has been surpassed and
some plastic deformaticn has occurred. Inasmuch as tatles of temsile stresses in
bert beams are valid only if stress does not exceed the preportional limit of
the material, proper comparison cannot theréfore be made betrreen the theorcstical
and the measured strain values. Evidence of plastic deformation in the specimens
is taken from the observation that the specimens do not return to their original

iatness but retain a clight bow in the center.
c. ENVIROMMENTAL TEST RESULTS

In order to be better able to draw a clear cvmparison cf all of the
alioys tested, each envivonment WJLl be treated 1nd1vidual;y. Thne bent-beam

stecimens were tested in triplicate and the U-bend specimens were tested in
durlicate,
1. Air

Bent~beam specimens of each alloy were exposed in air for =

period of four weaks. None of the specimens f2iled in this enviromment (see
: Fage B




I1I Experimental Procedure and Results, C (cont.) Report No. 2092

Table 11). The average measured temperature of the air was ThoF, ranging from a
low of 62°F to a high of 92°F. The measured relative humidity averaged 50%,

ranzing from a lov of 169 to a high of Th4.

2. Distilled Water

In general, this environment was found to be the most corrosive
of all the enviromments tested. The reasons for this are not clear. However, a
comparison can be drawn between distilled water and tap water. Since distilled
water is more acidic than tap water, it has a greater tendency to promote corro-
sion than does the tap water. The only alloy that failed in distilled water with
the bent-beam specimens was Vascojet 1000. Thege failures occurred only at the
higher strength levels (see Table 12). U-bend specimens of all three-low-alloy
steels failed in distilled water. As was expected, Vascojet 1000 was the least
resistant to siress-corrosion cracking (see Table 13). Red and black oxides of

ircn formed on all three of the low-a2lloy steels in the distilled water.
.3. . Tap Water

Failures with the Vascojet 1000 alicy bent-beam specimens and
Vascojet 1000 arnd Type 300M alloy U-bend specimens were observed in tap water
(see Tables 1L and 15). However, ihe time to failure was considerzbly longer
than that of the distilled water. Aguin, iron oxides formed on all three of the

low~2l1loy steels.

L. Sodium Dichrcmate Solution

None 'of the alloys failed in this environment in three weeks

with either the bent-beam or with the U-bend test specimens (see Tables 16 and 17).

Thir chreomote solution inhibited the formation of any surface corrosion on the

low-2110y steels.

5. Marquench Salt Solution

None of the alloys failed in this enviromment in three weeks
with either the bent-beam or with the U-bend tect specimens (see Tzbles 18 and 19).

Suue slight rusting of the Type 300M alloy specimens was observed.

Page S




ITI Experimental Procedure and Results, C (cont.) Report No. 2092

6. Sodium Chloride Solution

Failures with the Vascoj)et 1000 alloy bent-beam specimens and
211 three lew-alloy steel U-bend specimens were observed ip this enviromment (see
- Tables 20 and 21). The time to fallure was approximately the same as that of the
distilled water. Table 20 shows some fallures of the titanium alloy. However,
this was attributed to faulty specimens and not to stress-corrosion cracking.

Oxides of iron were noted on 21l three of the low~alloy steels.

7.. Trichloroethylene

None of the alloys failed in this envirorment in three weeks
with either the bent-beam or the U-bendltest specimens (see Tables 22 and 23).
able 22 shows szome failures of the titanium alloy. However, this was attributed

to fanlty specimens and not to stress-corrosion cracking.

8. Cosmoline

None of the alloys failed in this environment in three weeks
with either the bent-beam or the U-bend test specimens (see Tables 2k and 25).

Complete rust inhibition.on. the low-alloy steels was observed.

Q Soluble 0il Sclution

e

None of thé alloys failed in this environment in three weeks
wvitin either the bent-beam or the U-band test specimens (see Tables 26 and 27).

No corrcsica of the low-allcy siteels was observed.

10. Hydrocarbon-base 0il

Nc testing was asccomplished in this environment.

TSt Daed 52
. Hilgh muami il

|_J
{4

Ladish DAAC steel was the only allcy tested in this environment.
Bent-beam specimens of this alloy failed at the higher-strength levels (See Table
28j. The numidity conditions consisted of air saturated with wvater varor at

L90 3 —¢5 I’. Severe rusting of the specimens was observed,

12. Sclid Propellants

No testing was accomplished in this eavironment.
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D. DISCUSSION OF RESULTS

When a stress-corrosion failure occurs in the field, the first
problem is one of dilagnosis. It has been found that for each alloy, there are
certain environments that induce stress~corrosion cracking. In the event of
failure, the possibility of an environment known to promote cracking should be

investigated. Unfortunately, it is not safe to assume that all other environ-

ments are inetrfective.

There are several prihciples inveclved in reproducing stress-corrosion
cracking failures ir the liaboratory. The first requirement is the reproduction
of service conditions. However, surface stress conditions are often complex and
not easily simulated. Also, tests must be of reasonable duration. Finally,
putting a cquantitative figure cn the damage that has occurred in the test is nct
2 simple matter. The most important factors are time, the nature of the stress,

-

the condition of the metal, and the environment.

There are no universally accepted tests for determining susceptibility_
to stress-corrosion cracking. In most cases, the evaluation of stress-corrosion
cracking is sought in tests in which, if complete fracture of the specimen occurs,
the measurement recorded 1s the time for rupture to occur. Such has beern the
case in this investigation. It will be noted that most of the failures have

occurred with the low-alloy steels, heat-treated to the higher-strength levels.

-

These failures oceurred only in aquecus emvirozmments to which no inhbibitors had
teen added.

It is apperent from the enmvironmental stress-corrosion test data
presented herein that some 2licys are more susceptible to ‘stress-corrosion than
others. and that come enviriimools wee more prone to cause stress corrosion than
cthers. An aralysis of the data will show that distilled water, tap water, salt
water, znd high humidity all caused some stress-corrosion failures with the icu-
«1loy steels.(Ladish DBAC, Type 300M, and Vascojet 1000). These failures occur-
red, without exception, at the highor end of the strength»level‘fange. It follcus
fyom this that for any given environment end period of exposure, there exists a
critieal strength level above which failure will occur by the mechanism of stress
cerrosion, and below which no failures can be expected. After three weeks »f

Fage 11
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L} » .

exposure at a stress level of 75% of the 0.2% offset yieldAstrength, the critical
strength level of the Vascojet 1000 alloy lies between 212,000 and 238,000 psi for
the environments listed above. For all of the other enviromments, it probably
lies above 242,000 psi. At a stress level of 75% of the yield strength and an
exposure time of three weeks, the critical strength levels of all of the other
alloys in .all of the environments tested lies above the highest yleld strengths
at which each alloy was tested. Similarly, critical strength levels of specimens
stressed to 100% of the yield strength (such is the case with the U-band specimenz)
for & given envi

There exists the possibility that large vessels undergeing hydro-
static testing contain microcracks which.lead to rapid failure because of hign
notch sencitivity. These micrceracks very often escape detection. Other in-
vestigators have shown that notch-sensitive specimens produce relatively rapid
failures. In additicnm, the possibility cf brittle failure as caused by hydrogen
embrittlement cannot be excluded. Further studies should be made cn these coa-

siderations as possible causes of catastrophic failures.

Scme typical failures of the Vascojet iQOO alloy specimens from
distilled water, tap water, and salt water are illustrated in Figure 22. It
will be noted that faiiure did not ccecur in the center of the specimen, where it
was believed the highest stresses existed, but rather at = pointl scmewhat removed
frcm the center of the specimen. This lends further evidence tc the phencmena
that some plastic deformaticn had occurred while the specimen was being placed in
the specimeﬁ holder. Figure 235 illustrates the fractured surface of a failed

specimen, and the cross section of the fractured surface is shown in Figure 2k,

One further item that merits consideration at this point is the
effect of galvanic currents upon stresé-corrosion failure. During the course of
this investigation, the questicn was raised concerning the magnitude and
el'f'ects of the variocus alloys and the stainless steel specimen holders during
envircmaental testing. Consequently, an investigation was ccnducted to determine
Just wnat this galvanic effect would ke on the stress-corrosion failure of the
alloys tested. The galvanlce currents between Vascojet 1000 elloy specimens and
one of the 304 stainless steel specimen holders was measured in tap water and

distilled water. Virtually no potential was cbserved in the distilled water.

9
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Howvever, the tap water produced a potemtial of about 200 mv., the Vascojet 1000
betng ancdic te the 304 SS (see Figure 25) .

iv. SUMMARY AND CONCLUSIOVS

upon the screening tests performed during the first year's effort
vegtigation, the following conclusions are drawn:

A, Stressed bent-beam specimens of Vascojet 1000 are more suscéptible to
stress-corrosion cracking than any of the alloys when tested at 75% of yield
strength, This alloy is extremely susceptible to the corrosive action of distil-
led water, tap water, and a 3% solution of sodium chloride at ambient temperature.
The threshold strength level of this material, bassd on these short-term tests,
lies between 212,000 and 238, 000 psi.

B. Bent-beam specimens of Ladish, 300M, PH 15-7 Mo, AM 355 steels, and
the Bl20VCA titanium alloys are not susceptible to cracking in the envirornments

tested for short-term exposure at ambient tempersasture.

C. Stressed U-bend specimens of Vascojet 1000, 300M, and Ladish steels

are susceptible to stress-corrosion cracking in distilled water, tap water (with
the exception of the Ladish alloy), and a 3% solution of sodium chloride. The
threshold strength levels for these alloys vary with the solution employed. fThe
threshold strength levels for the Vascojet alloy are as follows: {1) distilled
water, between 194, 000 and 212, 000 psi, {2) tap water, between 212,000 and 240, 00
psi; and (3) 3% sodium chloride solution, between 196,000 and 212,000 psi. The
30CM material, which rapked second in susceptibility to-stresé-corrosion cracking,
nas the fol‘vvinz'tﬁiééholdVstrength levels: (1) distilied water, between
166,000 and 213,000 psi; (2) sodium chioride (3%), between 196, 000and 213,000 psi;
and {3) tap water, between 213,000 and 233,000 psi. Tne threshold strength levels
for the Ladish alloy are as follows: (1) distilled water, betyeen 223, 000 and
235,000 psi; (2) the sodium chlbride soluticm, between 235,000 and 252, 0CC »si.
No susceptibility to stress-corrosion cracking of this Ladish alloy was detected
in tep water.

D. None of the six alloys tested are susceptible to stress-corrcsion
eracking in cosmoline, trichlorethylene, and a 0.25% water solution of sodium di-
chromate for short-time immersions at ambient temperature. It is possible, how-
gver, that cracking will occur at some of the higher strength and.stress levels

during prolonged exnosure. ' ' Page 13
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TABLE 2

LIST AND SOURCE OF ENVIRONMENTAL CHEMICALS

Material

Source

Distilled water
Tap water

odium dichromate

n

Cosmoline
Marquench salts
Trichloroethylene

Soluble oil’

Deep Rock Water Co.
Los Angeles, Calif.

City of Azusa Light & Water Dept.
Azusa, Calif.

Braun Chemical Co.
Los Angeles, California

-E. F. Houghton & Co.

San Francisco, Calif.

Far-Best Corp.
Los Angeles, Calif.

Detrex Chemical Industries, Inc.
Detroit, Michigan

Standard 0il Co.
San Francisco, Caiif.

Table 2




Constituents

Silica

Aluminum oxlide
Iron oxide
Calcium
Magresium
Sodium

Sulfate

Chloride
Carbonate
Bicarbonate
Witrate

Calcium bicarbonate
Calcium sulfate
Calcium chloride

Magnesium bicarbonate

Magnesium sulfate
Magnesium chloride
Sodium bicarbonate
gcdium carbonate
Scdium sulifaie
Sodium chloride
Scdium nitrate
Total hardness
Total solids

Tctzl non-velatile solids

Specific conductance

Hydrogen ion concentratlou

True color
0dor uality
Armenia
Turoidity
Suspended residue
Flucride
Heavy “cuals

A =AY - ePmdem

.
LTI TLSLT T LCZIancCes

Cdrbon dioxide

P -
Kot determined.

TABLE 3

WATER-SAMFLE ANALYSES

Formula

510

ﬁé’é

?Hcoz)o
baSOu
CaClz
.Mr(PuO3)2
MgSOh
Mglla
NaHC05
NaCO5
Na SOA
NaCl
Waio
Cacog

(m;cromhcs/cm)
(PE)

' RHs

F

€0,

Tap Water

18.% ppm
Trace
Trace
66.9 ppm
11.2 »pom
17.9 ppm
20.6 ppm
15.0 ppm
None
238.0 ppm
19.0 ppm
271.0 ppm
None

. None
- 43.0 ppm

22.3 ppm
None

None

None

4.3 ppm
24.5 ppm
25.5 ppm
214.0 ppm
407.0 ppm

286.0 ppm’

438.5
702
10
Nore
*
None
None

0.2 prm
*

*
*

Report No. 2092

Distilled

Water

K %k ok ck ook o ok sk sk ok sk sk ok K

5 pra

None
None
None

" None'
Non=
None

Table 3
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TAELE 4

MECHANICAL PROPERTIES OF LADISH DGAC TEST SPECIMENS™
Yield Strength

Tempering o Tensile
Temperature, °F 0.2% Offfgt Strengt.}_m3 Elongation (%) Herdness,

2 hr psi x 10 psi x 10 in 2 in. Rockwell C

600 2Lko,1 28¢.1 5.0 52.0

252.3 282.1 5.0 51.0

253.9 28i.1 5.0 52.5

200 2344 254.5 5.0 51.0

235.0 254.5 5.0 50.0

235.6 a54.5 5.5 50.0

G600 219.5 231.8 6.0 48.0

222.5% 234.7 6.0 ?Z'O

226.3 239.7 7.0 %8.0

1100 190.6 201.9 9.0 LL.0

: 200.6 211.2 7.5 45.0

201.6 211.8 8.0 45,0

.X. ’ .
Normalized at léSO?F for 1 hr; air-cooled, austenitized at 1550°F for L0 min;
ovil-quenciied and tempered at the temperatures indicated. ,
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TABLE 5

e ee—

*
MECHANICAL PROPERTIES OF TYPE 300M TEST SPECIMENS

Tempering Yield Strength Tensile

Temperature, °F 0.2% Offset Strength Elongation (%) Hardness,
2 hr psi x 1072 psi x 109 in 2 in. Rockwell C
5 232.3 279.6 6.0 51.5
230 | 23506 278.2 6.5 51.5

2343 281.2 6.0 51.5
20 208.8 247.0 7.0 49.0
;“5 _ 21k.1 255.3 7.0 50.5
5 216.5 257.0 7.0 7.5

195.2 2u2.1 7.0 47.5
&0 1957 239.9 7.5 47.0
’ 196.4 2Lh0.3 7.5 45.5

5% N - - . ) .
Normalized at 1675 F for 1 hr; air-cooled, austenitized at 16509F for 15 min; oil-
quenched and tcmpered at the conditions indicated.

Table 5
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TABLE 6

' *
MECHANICAT, PROPERTIES OF VASCOJET 1000 TEST SFECIMENS

Tempering Yield Strength Tensile i
Temperature, °F 0.2% Offset Strength Elongation (%) Hardness,

4L 4+ L4 hr psi x 10°J psi x 10~3 in 2 in. Rockwell C

Q40 236.9 305.7 7.0 55.0

238.9 305.6 7.0 55.5

_ abk.2 ' 310.3 7.0 555

975 232.0 295.6 6.0 54,0

240.6 300.9 7.0 55.0

240.6 301.9 7.0 54.5

1025 211.6 254.,9 8.0 50.C

- 211.9 « 25L.2 7.5 50,0

212.2 255.2 G.5 505

1075 189.8 227.6 8.5 45,0

193.7 232.8 8.5 k7.5

198.4 238,2 8.5 L7.5

&L

e aas P o
Austenitized at 1850°F for 1 hirj air-quenched and tempered al the temperatures
indicated. .
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MECHANICAL PROPERTIES OF AM355 STAINLESS STEEL TEST SPECIMENS®

TABLE
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2

pry
xxC0ld-rolled to the varicus

¥ct reported.

strength levels,

Yield
Strength v
0.2% Tensile Elonga-
Testing Thickness Offset Strength_  tion (¢) Hardness,
Evaluator Direction in. psi x 103 psi x 10-7 in 2 in. Rockwell C

herojet . Longitudinal 0.038 245, 7 263.0 16.0 53.0
Aerojet Transverse 0.038 199.1 266.5 13.2 5%.8
‘Wallingford .Longitudinal 0.038 250.6 258.9 1k.0 *%*
Wallingford Transverse 0.038 210.0 275.5 11.0 52.0
Mellon Longitudinal.  0.038 250.0 261.0 1k4.5 *¥
Aeroget Longitudinal 0.036 249.8 265.8 14.2 54.2
Wallingford Longitudinal 0.036 259.7 264 .4 1k.0 **
Wallingford Transverse 0.03% 226.5 275.5 11.0 52.0
rellon Longitudinal  0.036 - 275.0 265.0 15.3 *%
Aerojet Longitudinal  0.033 278.4 295.1 k.0 55.5
Wallingford Longitudinal  0.033 298.0 303.0 3.5 *%
W2llingford Transverse  0.033 251.5 265.0 7.5 54,0
Mellon Longitudinal - 0.033 - 302.0 311.0 .8 ¥

Tavle 7
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TABLE &

. o . ®
MECHANICAL PROPERTIES OF PH 15-7 Mo STAINLESS STEEL ..TEST SPECIMENS

Tempering Yield Strength Tensile
Temperature, °F 0.2% Offset Strength Elongation (4) Hardness,
1 hr psi x 107D pei x 107D in 2 in. Rockwell C

None : 199.4 233.1 3.5 45,5

199.4 233.8 4,0 45.5

199.7 233.1 3.5 45.5

1080 222.6 2342 4.5 46.5

' 226.6 239.6 4.5 6.5

226.6 239.6 4.5 47.0

1050 236.54 2L7.4 4.0 48.5

236.4 248.1 3.5 49.0

238.6 251.9 3.5 48.5

L2

"Received in cold-rolled condition.
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MECHANICAL PROPERTTES OF B120VCA TITANIUM TEST SPECIMENS*
. Yield Strength - Tensile

|
I TAELE 9
I
I
i

Aging Time Testing 0.2% Offset  Strength  Elongation (%) Hardness,
hr Direction psi x 105  psi x 103  in 2 in. Rockwell C
12 Longitudinal 137.1 138.9 15.5 : 29.5

‘ 137.6 140.0 ik.0 29.5

137.9 140.0 13.0 29.5

12 Transverse 139.1 b7 12.5 29.5
1%0.0 141.8 . 13.0 30.5

hs Longitudinal k6.5 - 160.6 10.0 33.5
1ko. 4 166.5 8.0 34,5

151.8 157.0 8.0 35.5

32 Transverse 1hh.5 154.9 11.0 32.5
146.7 156.4 12.0 32.5

75 Longitudinal 156.1 176.2 8.0 37.5
158.1 174.9 6.0 37.5

159.1 181.3 8.5 38.5

5 Transverse 166.0 186.4 6.0 38.5
166.2 187.1 6.0 39.0

— .
Aged in air at 900°F for the times indicated.

S [ ]

Table 9
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TABLE 10

STRAIN-GAGE EVAIUATIONS*

Maximum Tensile

S —————

Report No. 2092

Maximum Tbnéile

e BN S e

Yield Strength Moximum Tensile Stress, psl x 10-3 Stress, psl x 1075
0.2% Offset Strain, in. x 106 Calculated from Calculated from

_psi x 10~2 Strein-Gaze Reading Strain-Gage Readings Tahles
194.0 7270 2i8.1 145.5
194.0 6360 190.8 145.5
212.0 6630 198.9 159.0
212.0 577C 173.1 159.0
238.0 7325 219.8 178.3
238.0 7330 219.9 178.3
242.0 8100 243.0 181.8
242.0 Thoo 224.,7 181.8

¥*
Tatnall C6-141 Poll-type strain gages used on Vascojet 1000 specimens.

Table 10




TARLE 11

Yieid Strength

*
BENT-BEAM STRESS-CORRCSION TEST DATA, AIR

Report No. 2092

0.2% Offset No. of Time to Total Testing
Alloy psi x 10-3 Specimens Failure (Deys) Time (Days)
Ladish 198.0 3 NE 28
223,0 35 NF 28
235.0 3 NF 28
252.0 3 NF 28
Type 300M 196.0 3 NF 28
213.0 3 NF 8
23% .0 5 NF 28
Vascojet 1000 194.0 3 NF 28
212.0 3 NF 28
238.0 % NF 28
2h2,0 3 NF 28
AM355 | 199-0(T;*** 3 NF 28
250.0(L p) NF 28
278.0(L) 3 F 28
B120VCA Titenium 138.0(L) 3 NF 28
140.0(T) 3 NF 28
146.0(T) 3 NF 28
149.0(L) 3 NF 28
158.0(L) 3 NF 28
166.0(T) 3 NF 28

*
sx Stressed a2t 75% of the yield strength.
xxyglO fallure. ‘

- L = longlitudiral, T = transverse.

Table 11
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TABLE 12

» *
BENT-BEAM STRESS-CORROSION TEST DATA, DISTILLED WATERv

Yieid Strength

0.2% Offset No. of Time to Total Testing
Alloy psi x 1070 Specimens Failure (Days) Time (Days)
Ladish DBAC 198.0 3 NF*E , el
223.0 3 NF 21
235-0 3 NF 21
252.0 | 3 NF 21
Type 300M 196.0 3 NF 21
213.0 3 NF 21
233.0 3 NF 21
Vascojet 1000 = 19k. 3 NF 21
212.0 3 NF 21
238.0 1l 7.6 -
238.0 1 7.8 -
238.0 1 8.9 --
2h2.0 1 1.8 -
2k2.0 1 3.2 -
2L2.0 1 4.3 -
AM355 199.0(T)*** 3 NF 21
250-0(L§ 3 NF 21
278.0(L 3 NF 21
E120VCA 138.0(L) 2 NF 21
Titanium 140.0(7T 35 NF 21
1h6.0(T 3 NF 21
149.0(T 3 NF 21
158.0(L 3 NF 21
166.0(T) 3 NF 21

*
«x Stressed at 75% of the yleld strength.
sy NO failure.

L = longitudinal, T = transverse.

Table 12
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TABLE 1

U-BEND STRESS-CORROSION TEST DATA, DISTILLED WATER

Yield Strength

0.2% Offset - No. of Time to Total Testing
Alloy psi x 1073 Specimens  Failure (Days) Time (Days)
Ladish DBAC 198.0 2 nF* 27
223.0 2 NF 27
255.0 1 20.2 -
252.0 1 18.4 .-
252.0 i 22.4 --
Type 300M 196.0 2 NF 27
213.0 1 NF 27
213.0 1 18.4 --
233.0 1 NF 27
233,0 1 1h.h --
Vascojet 1000 194.0 2 NF 27
212.0 i NF 27
21200 l lhc? -
240.0 1 L.L _ .-
240.0 1 11.4 --

*
No failure.

Table 13
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TABLE 1k

BENT-BEAM STRESS-CORRCSION TEST DATA, TAP WATER*

Yield Strength

0.29 Offset No. of Time to Total Testing
Alloy psi x 1073 Specimens Failure (Doys) Time (days)

Ladish DOAC 198.0 3 NP 21
: 223.0 3 NF 21
235,0 3 NF 21
252.0 3 NF 21
Type 300M 196.0 3 NF 21
213.0 3 NF 21
233.0 3 NF 21
Vascojet 1000 194.0 3 NF o 21
212.0 1 NF 21
238.0 1 13.7 -
238.0 1 k.7 -
238.0 1 15.7 -
2k2.0 1 2.7 --
2h2.0 1 8.8 --
2k2.0 1 9.7 -
N1355 199.0(7)** 3 NF 21
250.0(L) 3 NF 21
278.0(L) 3 NF 21
R120VCA 138.0(L) 3 NF 21
Titanium 1ho0.0(T) 3 NF 21
. 1h6.0(T) 3 NF 21
149.0(L) 3 NF H
158.0(L) 3 NF : 21
166.0(T) 3 NF 21

*

4 Stressed at 75% of the yield strength.
wyglO failure. »

L = longitudinal, T = transverse.

Table 14
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TABLE 1

U-BEND STRESS~-CORROSION TEST DATA, TAF WATER

Yield Strength

0.2% Offse No. of . Tge to Total Testing

Alloy psi x 10~ Specimens  Failura(Doys) Time (Days)
Tadish DBAC 198.,0 2 N o7
22%,0 2 NF 27
235,0 2 NF 27
£252.0 o NF 27
Type 300M 196.0 2 NF 27
213.0 2 NF 27
£3%,0 1 NF o7
233.0 1 22,4 -
VYascojet 1000 194.0 2 NF 27
212.0 2 NP 27
2L0.0 1 “Toh -
240.0 1 19.5 -

*
No railure.

Table 15
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1
g |
TABLE 16
.x.
g BENT-BEAM STRESS-CORROSION TEST DATA, 0.25% SODIUM DICHROMATE SOLUTION
Yield Strength
0.2% Offset No. of Time to0 Total Testing
Alloy psi ¥ 1070 Specimens  Failure(Days) Time (Days)
Iadish DGAC 198.0 3 N 21
233.0 3 NF 2l
235.,0 3 NF 21
252.0 3 NP 21
Type 300M 196.0 3 NF 23
213.0 3 NF 21
233.0 b NF 21
Vascojet 1000 194.0 3 NF 21
212.0 3 NF 21
£38.0 3 NF 21
ol2,0 3 NF 21
AM355 199.0(T) 3 NF 21
250,0(L) 3 NF 21
278.0(L) 3 NF 21
B120VCA ’ 138.0§L) 3 NF 21
: 71 tanium 140.0(T) 3 NF 21
! 146.0(T) 3 NF 21
149.0(L) 3 NF 21
158.0£L; 3 NF 21
! 166.0(T 3 NF 21
o
3
g
%
*
. gxStressed at 75% of the yield strength.
B gxxNO fallure.

L = longitudinel, T = transverse.

Table 16
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U-BEND STRESS~CORROSION TEST DATA, 0.25% SODIUM DICHROMATE SOLUTION

Yield Strength
0.2% Offset

-3 No. of Time to Total Testing
Alloy psi x 10 Specimens Fallure(Days) Time (Days)
‘Ladieh DEAC 198.0 2 NF 27
225.0 2 NF a7
235.0 1l NF 27
252.0 2 NF 7
Type 300M 196.0 2 NF o7
213.0 2 NF 7
233,.0 2 NF 7
Vasceojet 1000 94,0 2 NF 27
212.0 2 NF 27
240.0 2 NF 27
*
No failure,
Table 17
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*
BENT-BEAM STRESS-CORROSION TEST DATA, 1% MARQUENCH SALT SOLUTION

Yield Strength
0.2% Offset

No. of Time to ‘Total Testing
Alloy psi x 1072 Specimens  Failure(Days)  Time (Days)
Ladish DEAC 198.0 3 N 21
' 223,0 3 NF 21
- 235,0 3 NF 21
252,0 - 3 NF o1
Type 300M 196.0 3 NF 21
213.0 3 NF 21
233.0 3 NF 21
Vascojet 1000 194.0 3 NF 21
212.0 3 NF 21
238.0 3 NF 21
olh2,0 3 NF 21
¢
AM355 199.0(T) 3 NF 21
250.0§L; 3 NF 2l
278.0(L 3 NF 21
B120VCA 138.0(L) 3 NF 21
Titanium 140.0(T) 3 NF o1
lh6.0§T) ' 3 NF o1
1k49.0(L) 3 NF 21
158.0(1L) 3 NF 21
166.0(T) 3 NF 21

aiStressed at 75% of the yield strength.

.
gexyNO failure.

L = longitudinal, T = transverse.

Table 18
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TABLE X

U-BEND STRESS-CORROSION TEST DATA, 1% MARQUENCH SALT SOLUTION

~ Yield Streagth
0.24 Offsat

3 No. of Time to Total Testing
Alloy ~ pei x 10 Specimens Faiiure(Days) Time (Days)
Ladish DBAC 198.0 . 2 NF 27
223.0 2 NF 27
2%5.0 2 NF 7
252,0 1 NF 27
Type 300M 196.0 2 NF 27
213.0 2 NF 27
233.0 2 NF 27
Vascojet 1000 194.0 2 NF 7
212.0 2 NF 27
240,0 2 NF 27
*Nc ailure.
i
'
! Table 19

4
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TABLE 20
o : ' *
BENT-BEAM STRESS~CORROSION TEST DATA, 34 SODIUM CHLORIDE SOLUTION

Yield Strength

| 0.2% Offset No. of Time to Total Testing
Alloy psi x 1072 Specimens  Failure(Days) Time (Days)
Ladish DGAC 198.0 3 W 21
223,0 3 NP 21
23%5.0 3 NF 21
252.0 3 NF 21
Type 30CM 196.0 3 1 21
213.0 3 NF 21
233.0 3 NP 21
Vascojet 1000 194.0 3 NF 21
. 212.0 3 NF 21
238.0 1 6.9 -
238.0 1 10.0 -
228.0 1 10.2 -
22,0 1 1.2 -
242.0 1 1.7 -
2”*2.0 l 6.7 b
AM355 199.0§T)*** | 3 NF 21
250.0(L) . 3 NF 21
278.0(L) 3 NF 21
B120VCA : 138.0(L) 3 NF 21
Titanium 140.0(T) 1 I 21
, 1%0,0(T) 1 0.00 -
| 140.0(T) 1 0.03 -
| 146.0(T) 3 NF 21
| : 149.0(L) 3 NF 21
- 158.0(1) 3 NF 21
i . 166.0(T) 3 NF 21

i

*
syxStressed at T5% of yleld strength.
swxxNO fallure.

L = longitudinal, T = transverse.

Table 20

-
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TABLE 21

U-BEND STRESS-CORROSION TEST DATA, 3% SODIUM CHLORIDE SOLUTION

Yield Strength

0.2% Offset No. of Time to Total Testing
Alloy psi x 1070 Specimens  Failure(Days) Time (Days)
Ladish DBAC 198.0 2 N 27
: 223%.0 2 NF 27
235.0 2 NF 27
252.0 1 18.5 -
Type 300M 196.0 2 NF 27
213.0 1 NF 27
213,90 1 11.3 -
233,0 1 11.3 -
233.0 1 2603 -
vascojet 1000 19%.0 2 NF o7
212.0 1 NP 27
212.0 1 13.7 -
240.0 1 4.3 -
240.0 1 6.8 -

*
No failure.

Tgable 21
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TABLE 22
BENT-BEAM STRESS-CORROSION TEST DATA, TRICHLOROETHYLENE : .
Yield Strength
0.2% orreet, No. of Time o Total Testing
Alloy psi x 10 Specimens  Failure(Days) Time (Days)
Ladish DBAC 198.0 3 N 21
227,0 3 NF 21
235,0 3 NF . 21
252.0 3 NF 21
Type 300M 196.0 3 NF 21
213.0 3 NF 21
233.,0 3 NF 21
Vascojet 1000 19%.0 3 NF 21
212,0 3 NF 21
238.0 3 NP 21
2k2,0 3 NF 21
AM355 199.0(T) 3 KF 21
250.0€L) 3 NF 21
278.0(L) 3 NF 21
B120VCA 138.0(L) 3 NF 21
Titanium 140.0(T) 2 NF oL
140.0(T) 1 3.4 -
146.0(T) 2 NF 21
1&6.0ém) 1 0.9 -
149.0(L) 3 NF 21
158.0(L) 3 NF 21
3 NF 21

166.0(T)

*
sxOtressed at 75% of the yleld strength.
sxxlNO failure. ’

L = longitudinal, T = transverse.

Table 22
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TABLE 2

Report No. 2092

U-BEND STRES3-CORROSION TEST DATA, TRICHLOROETHYLENE

Yield Strength
0.24 Offset

psi xf;0'3

Ladish DOAC

Type 3004

Vascojet 1000

198.0
223,0
35,0
252.0

196.0
213.0
233.0

19,!'. O
212.0
20,0

*
No failure.

No. of
Specimens

PO

o o

Time to Total Testing

Failure(Days) Time (Days)
3% )

NF 27

NF 27
NF {4
NF a7
NF 27
NF 27
NF 27
NF 27
NF 27
NF 17

Table 23
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TABLE 2k

*
o BENT~-BEAM STRESS~-CORROSION TEST DATA, COSMOLINE

Yield Strength
0.2% Offset

-3 No. of Time to Total Testing
Alloy psi x 10 Specimens Failure(Days) Tme (Days)
Ladish DSAC 198.0 3 NF** 21
223.0 3 NF 21
235.0 3 NF 21
252.0 3 NF 21
Type 3C0M 196.0 3 NF 21
213.0 3 NF 21
2%3,0 3 NF 21
Vaseojet 1000 94,0 3 NF 21
212,0 3 NF . 21
238.0 3 IF pal
42,0 .. 3 NF 21
199.0(T) 3 NF 21
250.0(L.) 3 NI 21
278.0(1L) 3 NF 21
B120VCA 138.0(L) 3 NP 21,
T4 tanium 140.0(T) 3 NP 21
1k6.0(T) 3 NP 21
149.0(L) 3 NF 21
158.0(1L) 3 NF 21
166.0(T) 3 NP 21

*:Stressed to 75% of the yield strength.
sxyNo fallure.
L = lenglitudinal, T = transverse.

" Table 2k
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i TABLE 25

U-BEND STRESS-CORROSION TEST DATA, COSMOLINE

Yield Strength

0.2% °ffsf§ No. of Time to Total Testing

Alloy psi x 10 Specimens  Failure(Days) Time (Days)
Iadish DAAC 198.0 2 NF 27
22%,0 2 N 7
235,0 2 ; o7
252,0 2 NF 27
Type 30CM 196.0 2 NF 27
213.0 - NF 27
233,0 2 NF 27
Vascojet 1000 194.0 2 NF 27
212,0 2 NF 7
240.0 2 NF 27

¥
Wo failure.

Table 25
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TABLE 26

‘ *
BENT-REAM STRESS-COCRROSION TEST DATA, !¢ SOLUBLE OIL SOLUTION

Yield Strength

0.2 offset No. of Time to Total Testing
Allcy psi x 1072 Specimens = Failure(Days) Time (Days)

Tadish DGAC 198.0 3 NF a2
223,0 3 NP 21

235,0 3 NF 21

252.0 3 NF 21

~ Type 300M 196.0 3 NF 21
213.0 3 NF 21

233,0 3 NF 21

Vascojet 1000 19%.0 3 NF 2l
212.0 3 NP 21

238.0 3 NF 21

242,0 3 NF 21

AM355 190, 0(1)*** 3 NP 21
_250.0(L; 3 NP 21

278.0(L 3 NF 21

B120VCA 138.0 L; 3 NF 21
Titanium 140.0(T 3 NF ol
146.0(T) 3 NF 21

149.0 L; 3 NF 21

158.0(L 3 NF 21

166.0(T) 3 KF 21

*
gxStressed to 75% of the yield strength.
o failure.
L = longitudinal, T = transverse.

Table 26
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U-BEND STRESS-CORROSION TEST DATA, 4, SOLUBLE OIL SOLUTION

Yield Strength
0.2% Offset

-3 No. of Time to Total Testing
Alloy psi x 10 Specimen Failure(Days) Time (Days)
Tadish DBAC 198.0 2 NF 27
223.,0 2 NF 27
. 235.0 2 NF 27
252.0 2 NF 27
Type 300M 196.0 2 NF 27
213.0 2 NF o7
| 233.0 2 NF 27
Vascojet 1000 194.0 2 NF 27
212.0 2 NP 27
2Lo.0 2 NF 27

*
No fallure.

Table 27
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TABLE 28

*
BENT~-BEAM STRESS-CORROSION TEST DATA, HIGH HUMIDITY

Yield Strength
0.2% Offset

-3 No. of Time ‘o Total Testing
Alloy ‘pat x 10 " Specimens  Failure(Days) Time (Days)

Ladish D6AC 198.0 3 NF** hs

223.0 3 NF L5

255.0 l 23,0 -

235.0 1 23.2 -

235.0 1 26.7 -

252.0 1 5!7 -

25200 l 7.0 -

252.0 1 11"'.2 -

»* . . .
xyxStressed to T5% of the yleld strength.

No feilure.

Table 28




Report No. 2092

l‘— .00 —=d

T
62 RAD.(TYP)
8.00 2.500 —al - _-‘égg
}_/
275
r L

Tensile Specimen Diagram

Figure 1




“'Report No. 2092

o 1 < i e T e 4T B AT Y

0007

wawroadg uorsoxioy draig ur

0/00

§§2138 ayIsuag

L H i [ 8

vayIR/ieg Xop

Spioddng veawisg Idunisiq
. Y3389 0 Q\uﬁq
K1oysals po snnpoly

SYIUS SfISuRl W

..BE.QQW Jo sseuyo1yl

W~ &

4

JOU S80p SS94lS B}

IDlaviow By 4O fiiuf) (puospsodosd Syt paIdrd

21 R(uo pifoa 910 Seaind

aw

5000

b““

o/lo0

Figure 2




Report No. 2092

ey o Rl

ST N AT

ueds your-00') B I9AQ 1993§ 10] sweog jusg UT $9553135 BTTsual

Amnoa x 1sd) ssaajg aTIsSudl

361 08T G691 051 SEY 02T
L 1 1 1 1

,—.ﬂ..w.

(ur) WwaveT

Figure 3




ocapunitil - e -
1 ETMIW O o B0 o bl e s T S R A L e s - 4

& uedg YoUI-QQ°y 2 I24A) 293§ I0J Sweag Juag Ui SIESIAIS ITTISUAYL
Y

o

Z

n Am-OH x 1sd) ssaxyg oTIsSUL]

o .

X 08T S9T 051 SET et SOt .

nm. ou.m S61 I T ! T 1 i o

18

q°n

I

Figure 4




. e AT SO A SRS T T DY T ,{(;i,

Q
oy uedg youi-00°*% B I2AQ WNTUEITE 103 SUBY o 1
Q S g 3usg UT So8SaI)g DIISuUdL
[TaN
£ :
v &
¥ (¢-0T x 18d) ssadi¢ -
o) 0FT - N
g r =t ot 02T 00T . -
= ! ' T SER
|

=
(ut) Y33uaT




%, X R ¥ i
ST

3 P ] e o S
& v

FAis

s o ARSI LNt i A 44 et i A VA PTA

Fien b BId e A

i
$
;

o
)
g
ot
J
o
‘ A
)
o
; 0
o
B
o
o
o
/M
U
=)
'

Figure 6




Report No. 2092

Elongation, %
=
1

280~

260~

2L0}=

Stress, psi x 10~3

220~

@ = Ultimate
O = 0.2% Yield
200}=

Hardness, 3¢
&
|

| | 1 | i i
600 700 800 900 1000 - 1100

Tempering Temperature, OF

Mechanical Properties of Ladish D6AC Alloy Steel

Figure 7




NN

#longation, %

Stress, psi x 10-3

Hardness, Rec

R e VA g e oo

Report No. 2092

280}~

2604~

240~

@ = Ultimate
O = 0,24 Yield

200}

55—

|

10 o

| H |
600 700 800

Tempering Temperature, °F

Mechanical Properties of Type %00M Alloy Steel

. ¥Figure 8




longation, %

_,
&

300k

Stress, vsi x 10-3

Hardness, Re

Report No. 2092

® = Ultimate

1 1 L i W
55 o—
50f=
WSk
l ) ] L
800 900 1000 1100
Tempering Temperature, OF
Mechanical

Properties of Vasccojet 1000 Alloy Steel

Figure 9

e S AN A

3o e e e e s



Report No. 2092

|
*r .fCr——“'———‘-4> i
e, : . i
§ 12t~ _ ;
ord 3
..:’ M
= 8k » ;
) i
2 é
L ;
' ] | 1 ] L 1
2801
)
5
~ 260~
Y]
wd
7]
o,
@ 2Lof-
£y
Fres
o
. ) .. 220F o _
@ = Ultimate
O= 0.2% Yield
200~
} ] L i i ]
1
é”‘ 55 B \ ‘
"y o~ —)
0 -
o SO~
8
» '
m LS
i i 3 i

1 1
C.033 0.034 0.035  0.03¢& 0.037 0.038
Thickness (in)

Mechanical Properties of AM355 Stainless Steel

Figure 10




q
Report No. 2092 li
!
I
i

-

8 P
9, 6= ’
Ky %
2 - 0 1
‘1‘;0 h - “\ o- -
E oo °
13 )
i | | i

o
v 260 |-
O
Pan)
"
ord
1]
a 20
o
4
£
-t
95}

220 -

200 =
2 S5
P '
g so0r O-—— 0
5 o
®uS - - -0

| | | 1
S (
1085 1075 1100 1124

Tempering Temperaturz, OF

‘Mechanical Properties of PH 15~7 Mo Stainless Steel

Figure 11




Elonzation, %

Stress, psi x 10~3

Hardness, Re¢

Report No. 2092 ‘

e e, b it e

16~

12 =

160 f=-

170 =

160 ~

150 |-

@®= Ultimate
: C= 0.2% Yield
L0 =

35 b

25 L

i | i ) | ]
12 2L 36 L8 60 72
Aging Time, Hrs, At 90CCF

Mechanical Properties of Bl20VCA Titanium Alloy (Longitudinal)

Tigure 12




Report No. 2092

16 - .
¥R
-~ 12F
o
.
2 gp o
&
3]
E:J' L .
| ] 1 ! | |
[
180 - Py
o 170 =
jor
-
oed
v
A 160 =
v
[}
4
P
n
150 =
@ = Ultimate
O= 0.,2% Yield
140
H 1 | ] i |
0
[
8 25
] ] ] i | i
12 2l 36 L8 60 72

Lging Time, Hrs, At 9OQOF

Mechanical Properties of B120VCA Titanium Alloy (Transverse)

Figure 13




Report No. 2092 qf
0
1

s G o ame - sre1a® bt o 3 s

(a) Ladish DGAC (b) Type 300M

(c) Vascojet 1000 (d) AM355

Microstructure of Testing Alloys
Etch: 24 Nital Mag. 500x

Figure 14




‘Report No. 2092

JBBINR..__J/ e "

HOLE'THRU

7.0po
r.002

4,000
* 002

750

,"i' ‘ _’1‘

Schematic of Specimen Holder

Figure 15




Report No. 2092

é

et 4 o e e 7008 e b B

P e iy s

Test Specimen and Fixture Before Testing

-




Report Nd. 2092 -

Test Specimen Stressed in Fixture Across 7.00=-inch Span
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Environmental Stress-Corrosion Laboratory
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Specimens Undergoing Environmental Stress-Corrosion Testing

Figure 20
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Test Specimen with Strain Gage Mounted, Stressed in Fixture

Figure 21
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Vascojet 1000 Specimens After Failure
: (A) Tap Water (B) Distilled Water (C) Salt Water

Figure 22
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Fractured Surface of Failed Specimen, Mag. 15X

Figure 23
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Vascojet 100U Specimens After Failure
Tap Water (B) Distilled Water

‘Report No. 2092

(€) Salt Water

Figure 22
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Cross Section of Fractured Surface
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Figure 24
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